The secretion of insulin in vivo and its synthesis and release by pancreatic islets in vitro were studied in rats at various stages of development. An oral glucose load caused a rapid and significant increase in the serum insulin level of pregnant rats and a slower response in their 21-day-old fetuses. Circulating free fatty acids (FFA) decreased in the dams, but did not change in the fetuses. A relative glucose intolerance was found in pups 1 hr, 5 days, and 10 days after birth. This was accompanied by delayed insulin response and by little or no decrease of circulating FFA. After weaning, the glucose tolerance and the insulin and FFA responses gradually improved. The oral administration of a 10-amino acid mixture caused a greater insulin release in newborn and nursing rats than in 21-day-old fetuses or inyoung adult rats. Total serum lipids were higher in I-, 5-, lo-, and 20-day-old rats than in fetuses and adult animals, whether fed or fasted, but 18 hr of fasting decreased total lipids and phospholipids in all age groups. Thus, the age of relative hyperlipidemia corresponded with that of relative glucose intolerance. The secretion of insulin in vitro by pancreatic islets of 5-, lo-, 20-, 30-, and 45-day-old rats increased significantly when the concentration of glucose in the incubation medium was increased from 30 to 300 mg/ml. The islets of 30-and 45-day-old rats secreted the largest amount of insulin. The insulin content of pancreatic islets was higher and the percentage of insulin secreted in relation to the hormonal content was smaller in the islets of nursing rats. Islets of fetal, nursing, and adult rats incorporated L -[ 4 ,~-~~] l e u c i n e into proinsulin and insulin, but the conversion of proinsulin to insulin was minimal in the 1-day-old rat. This incorporation was greater when the glucose concentration of the medium or the incubation time were increased. Thus, birth appears to be associated with a temporary decrease in the ability to release insulin and to dispose of an exogenous glucose load. Speculation large masses of insulin-responsive tissues. Gluconeogenesis continues to be a major source of glucose throughout the nursing age, when the animal consumes a diet rich in protein and fat and low in carbohydrate. Although the fetal pancreas can synthesize insulin, the mechanism for its release and hence the ability to dispose of a glucose load do not reach full maturity until weaning, when the dietary intake of carbohydrate increases and the level of serum lipids decreases toward I the values characteristic of the adult animal.
The secretion of insulin in vivo and its synthesis and release by pancreatic islets in vitro were studied in rats at various stages of development. An oral glucose load caused a rapid and significant increase in the serum insulin level of pregnant rats and a slower response in their 21-day-old fetuses. Circulating free fatty acids (FFA) decreased in the dams, but did not change in the fetuses. A relative glucose intolerance was found in pups 1 hr, 5 days, and 10 days after birth. This was accompanied by delayed insulin response and by little or no decrease of circulating FFA. After weaning, the glucose tolerance and the insulin and FFA responses gradually improved. The oral administration of a 10-amino acid mixture caused a greater insulin release in newborn and nursing rats than in 21-day-old fetuses or inyoung adult rats. Total serum lipids were higher in I-, 5-, lo-, and 20-day-old rats than in fetuses and adult animals, whether fed or fasted, but 18 hr of fasting decreased total lipids and phospholipids in all age groups. Thus, the age of relative hyperlipidemia corresponded with that of relative glucose intolerance. The secretion of insulin in vitro by pancreatic islets of 5-, lo-, 20-, 30-, and 45-day-old rats increased significantly when the concentration of glucose in the incubation medium was increased from 30 to 300 mg/ml. The islets of 30-and 45-day-old rats secreted the largest amount of insulin. The insulin content of pancreatic islets was higher and the percentage of insulin secreted in relation to the hormonal content was smaller in the islets of nursing rats. Islets of fetal, nursing, and adult rats incorporated L -[ 4 ,~-~~] l e u c i n e into proinsulin and insulin, but the conversion of proinsulin to insulin was minimal in the 1-day-old rat. This incorporation was greater when the glucose concentration of the medium or the incubation time were increased. Thus, birth appears to be associated with a temporary decrease in the ability to release insulin and to dispose of an exogenous glucose load. Speculation large masses of insulin-responsive tissues. Gluconeogenesis continues to be a major source of glucose throughout the nursing age, when the animal consumes a diet rich in protein and fat and low in carbohydrate. Although the fetal pancreas can synthesize insulin, the mechanism for its release and hence the ability to dispose of a glucose load do not reach full maturity until weaning, when the dietary intake of carbohydrate increases and the level of serum lipids decreases toward I the values characteristic of the adult animal.
1
The synthesis and storage of insulin in the pancreatic B cells of the rat appear to start during the 1 l t h day of gestation (36, 59) . However, the precise time at which the insulin-releasing mechanism begins to function has not been determined and may vary with the nature of the stimulus. Thus, the fetal pancreas, even though insensitive to glucose (4, SO), may respond to other substances (see Reference 37) so that, toward the end of pregnancy, the fetal serum insulin (IRI) reaches values that are higher than those found in the dam (2, 13, 26, 42, 63) . A significant decrease in fetal serum IRI occurs on the last day of intrauterine life (14) , at the time when the level of glucagon and, consequently, the glucagon to insulin ratio, increase markedly (14, 15, 3 l ) , possibly explaining why the mammalian neonate does not tolerate a glucose load as well as the adult animal (49, 64) . The experiments described in this paper were designed to study the relative importance of insulin synthesis and of insulin release in this perinatal change. For this purpose we studied the effects of an oral glucose or amino acid load in the pregnant rat and in her fetuses and in newborn, nursing, and weaning rats and we attempted to correlate the results of these experiments in vivo with the results obtained in vitro, using pancreatic islets isolated from comparable groups of animals. This paper will provide evidence that significant changes in the rate of hormone synthesis did not occur during this period of the life of the rat and, therefore, could not have been the cause of the observed changes in the rate of insulin release and of glucose utilization.
Birth deprives the newborn pup of transplacental nutrition MATERIALS AND METHODS and exposes it to the danger of neonatal hypoglycemia, especially in the interval between birth and the first act of ANIMALS nursing. This danger is moderated by a previously described increase in the serum level of glucagon and by a decrease in the Female Wistar rats, weighing 200-250 g, with free access t o serum level of insulin. This change in the glucagon to insulin food (Purina chow) and water, were caged with males until ratio favors hepatic glycogenolysis and gluconeogenesis and, mating had occurred. This was ascertained by examining the possibly aided by the relative hyperlipidemia characteristic of vaginal smear every day between 8 and 9 AM; the day when this age, decreases the utilization of glucose by the relatively spermatozoa were found was considered the first day of pregnancy. Since rats, generally, copulate during the night and since ovulation occurs at about 2 AM (24), the duration of pregnancy was estimated with a possible error of 6-12 hours. The animals did, in fact, deliver on the anticipated 22nd day after mating. On that day, they were kept under observation and the actual time of birth was noted for each pup. Young rats were killed at the age of 1 hr, 5 , l 0 , 2 0 , 30, and 45 days. When indicated, fetuses were removed by cesarean section immediately after the dam had been killed by cervical dislocation. As soon as possible thereafter, as one of us was drawing maternal blood from the inferior vena cava, another collected fetal blood by decapitation.
IN V I V O EXPERIMENTS
Oral Administration of Glucose and of Amino Acids. Dams on the 21st day of pregnancy and 1-hr, 5-, lo-, 20-, 30-, and 45-day-old offspring were given glucose (2 g/kg) or a 10-amino acid mixture (1 g/kg; (27) ) by means of a gastric polyethylene catheter of a diameter suitable t o the size of the animal. All animals except the 1-hr-old pups were fasted overnight. Neonatal and nursing rats were kept in a moist incubator at 37°, a precautidn used also by other workers (31) and designed t o create conditions similar t o those of the nest. All animals were killed at different times after the load, bled, and their abdominal cavity was opened t o make sure that the fluid had been placed into the stomach. The blood samples were collected in prechilled test tubes, allowed t o clot, centrifuged at 4"; the sera were frozen and preserved at -20° for subsequent analysis. Glucose was determined enzymatically (44) ; FFA photometrically (18) , and IRI with a double antibody immunoassay (39), using a rat insulin standard (73) . Serum lipids were extracted from 0.2 ml serum (28) and, after evaporation of the solvents under a stream of nitrogen, were dissolved in 0.5 ml chloroform-methanol mixture (2: 1 ; vlv). A 50-p1 aliquot of this solution was transferred t o a suitable aluminum pan, evaporated t o dryness, and weighed on a Cahn electrobalance. A second 50-p1 aliquot was used for the determination of lipid phosphorus (6) .
IN V I T R O EXPERIMENTS
Preparation of Pancreatic Islets. Immediately after the animals were killed, their pancreases, were removed and cut into small pieces. The fragments were transferred t o glass tubes containing Hank's-Wallace buffer (40) and coilagenase (74) and shaken a t 170 strokeslmin for 1 0 min at 37 . The number of glands, the amount of collagenase, and the volume of buffer varied according t o the age of the rat, as follows: fetal, neonatal, 5-and 10-day-old rats, 6 t o 1 0 pancreases, 2 ml buffer, and 5.0 mg collagenase; 30-day-old animals, 2 pancreases, 2 ml buffer, and 7.0 mg collagenase; 45-day-old animals, 1 pancreas, 6 ml buffer, and 27 mg collagenase. After digestion, enough ice-cold buffer was added t o each sample t o make a total volume of 3 0 ml and the samples were centrifuged at low speed. Twenty-five milliliters of supernatant fluid were discarded and the islets were washed again in the same manner, recentrifuged, and picked out of the buffer with the aid of a small wire loop and a dissecting microscope.
Insulin Secretion by Pancreatic Islets. Samples of 1 0 islets, obtained from 5-, lo-, 30-, and 45-day-old rats, as described above, were transferred t o a flask containing 3 ml KrebsRinger bicarbonate buffer enriched with albumin (10 mg/ml) and glucose (30 or 300 mg/100 ml) and were placed in a Dubnoff metabolic incubator oscillating at the rate of 66 cpm, in an atmosphere of 95% O2 and 5% C 0 2 , a t 37O. After 2 hr of incubation, the islets were removed by centrifugation at 280 X g for 5 min and the concentration of IRI in the buffer was measured by radioimmunoassay (53) .
Insulin Content of Pancreatic Islets. Similar samples of 1 0 pancreatic islets were homogenized in 0.1 M phosphate buffer, pH 7.4, containing albumin (10 mg/ml). Enough trichloroacetic acid (TCA) was added t o make a final concentration of 10%. The TCA precipitate was extracted three times with acid a l c o F l (ethanol, 75; water, 25; concentrated HCl, 1.5 v/v/v) at 4 . The three extracts were pooled and aliquots were neutralized t o pH 7 with 0.154 M sodium bicarbonate and diluted with 0.1 M phosphate buffer, pH 7.4, containing albumin (1 0 mg/ml), for insulin assay (5 3).
Synthesis of Proinsulin and Insulin by Pancreatic
Islets. Other samples of 1 0 islets each were placed in small glass homogenizers with 0.5 ml Krebs-Ringer bicarbonate buffer containing albumin (1 mg/ml), glucose (100, 200, or 300 mglml), and L-[4,5-3~]leucine (30-50 Cilmmol, 10 pCi/ml (60)) and were incubated for 1, 2, 3, 4, or 5 hr, under the conditions described above. At the end of the incubation, 1 mg porcine insulin (76), 1 mg albumin, and 1 mg unlabeled L-leucine were added and the islets were homogenized with the medium in which they had been incubated. Proinsulin and insulin were extracted (2 1) and separated using a column (1 by 60 cm) of Sephadex G-50 superfine that had been equilibrated and calibrated with dextran blue, albumin, and with unlabeled and ' I-labeled insulin and proinsulin, iodinated using the procedure of Hunter and Greenwood (45) . The columns were eluted with 1 M acetic acid, 1-ml fractions were collected, their absorbance was measured at 275 nm, and 0.5-ml aliquots were mixed with 1 0 ml Bray's solution (16) for the measurement of radioactivity. In some experiments, 0.2 aliquot of the fractions corresponding t o the position of proinsulin were taken for the measurement of radioactivity and the rest was lyophilized. The lyophilized product was dissolved in 200 pl 0.15 M Tris buffer, pH 8.5, containing 0 2 or 1 pg trypsin (77) , and was incubated for 3 0 min a t 37 .
After incubation, acetic acid (final concentration, 1 M), albumin (1 mg), and porcin insulin (1 mg) were added and the sample was applied again t o the Sephadex G-50 superfine column. In other experiments 1 0 islets were incubated, homogenized, and treated with TCA, as described above. The acid alcohol extraction step was omitted and the precipitate was handled in one of the two following manners. In the first procedure, used for the measurement of total leucine incorporation into extractable proinsulin and insulin, the TCA precipitate was dissolved with 10 mM HC1 in 0.9% NaCl solution and was treated with enough anti-insulin serum (AIS; 78) t o bind twice as much IRI as was presoent in the extract. The mixture was incubated for 1 hr at 3 7 , 2 ml rabbit anti-guinea pig serumo (79) were added, and the mixture was incubated again at 37 for 2 hr. The precipitate, separated by centrifugation, was dissolved in acid alcohol, the solution was neutralized with Hyamine hydroxide, and the radioactivity of the samples was measured by liquid scintillation after adding 10 ml Bray's solution. In the second procedure, used for the measurement of the relative incorporation of label into the proinsulin and insulin fractions, the TCA precipitate was dissolved in 0.5 ml 1 M acetic acid and the solution was applied t o a Sephadex G-50 superfine chromatography column, without the addition of carrier insulin. The columns were eluted with 1 M acetic acid, 1-ml fractions were collected, and 0.2-ml aliquots were used for measurement of radioactivity. The remaining portions of the samples corresponding t o the positions of proinsulin and of insulin, respectively, were pooled, lyophilized in order t o remove the acetic acid, and redissolved in 200 p1 0.05 M Verona1 buffe; pH 8.6. One-half of each sample was incubated for 2 hr at 3 7 with anti-insulin serum and one-half without it. After incubation, the samples were applied t o Whatman no. 3MC paper strips and electrophoresis was carried out a t 600 V for 1.5 hr. After this, the paper strips were dried, cut at 1-cm intervals, and counted in 10 ml Bray's solution, Unbound proinsulin and insulin remained at the site of application, while the AIS-bound hormones migrated toward the anode, as period, reaching maximum values at the age of 20 days. At the did samples of human serum dyed with bromphenol blue used time of weaning, when the diet changed from milk (high in as markers. fats) to Purina rat chow, the circulating lipids decreased, Histologic Studies. Small pieces of pancreatic tissue were reaching adult levels in the 30-day-old rat. No significant fixed in Bouin solution, embedded in paraffin, cut, and stained changes in serum phospholipids were noted during developwith phloxine-azure-hematoxylin (54) . ment with the exception of a slight decrease at the time of weaning. A 20-hr fast decreased the concentration of total RESULTS lipid and of phospholipid in all animals.
IN VIVO EXPERIMENTS
The average weights of the 21-day fetuses and of the I-hr-old pups were 5.4 and 6.4 g, respectively, those of 5-, lo-, 20-, 30-, and 4 5 -d a y~l d animals were 13.4, 25.2, 39.6, 75.9, and 144.5 g and were similar to the weights reported by Asplund (3) . Figure 1 shows that there was no significant difference between the glucose tolerance of the pregnant rats and that of their 2 1-day-old fetuses. The maternal serum IRI level rose rapidly after glucose ingestion, reaching a peak in 15 min and returning to basal values within 2 hr. The fetal IRI values were higher than the maternal values at the start of the experiment, rose more slowly and, having reached a peak 30-60 min after the ingestion of glucose, remained higher than those of the dam for the remainder of the experiment. After the ingestion of glucose the concentration of FFA decreased in the dam as well as in the fetus, but this change was not statistically significant. Figure 2 shows that 1-hrald rats had a marked intolerance for a glucose load and little or no insulinogenic response. In the 5-day-old rat, glucose tolerance was still impaired and the insulinogenic response, although significant, was relatively slow. As the animal grew older, the tolerance for glucose increased and the insulinogenic response became more prompt until, at the age of 30 days, they became similar to those of the 45-day-old animal. For technical reasons we could not measure serum FFA levels during the test in the 1-hr-old pups, but in all other animals, they decreased as those of glucose and of insulin incre.ased, gradually returning toward the initial values. Figure  3 shows that the ingestion of a mixture of 10 amino acids did not modify significantly the serum glucose concentration in lo-, 20-, 30-, and 45-day-old rats. However, a significant decrease was observed in 21-day-old fetuses and in I-hr and 5-day-old animals. The insulinogenic response was marked 1 hr after birth and decreased progressively with age, until it became undetectable in the 30-and 45-day-old animals. Figure  4 shows that the total serum lipids increased significantly at birth and that this increase continued during the nursing Table 1 shows that an increase in the concentration of glucose in the incubation medium from 30 t o 300 mg/100 ml produced a significant stimulation of insulin secretion by the pancreatic islets of rats of all ages. This was most marked in preparations from 30-and 45day-old animals. On the other hand, islets of 5-and 10-day-old animals contained more insulin than those of 30-and 45-day-old rats. Thus, the amount of insulin released represented 2.8% and 7.8% of the total content in the younger rats and 17.8% and 14.7% in the older ones.
IN VITRO EXPERIMENTS

Insulin Secretion and Insulin Content of Pancreatic Islets.
Synthesis o f Proinsulin and of Insulin by Pancreatic Islets. In Figure 5A we can see that, after incubating the islets of 45-dayald rats in a medium containing glucose and labeled leucine for 4 hr, three radioactive peaks similar to those i described by Steiner and Oyer (66) could be isolated from islet extracts by chromatography. Peak I represents the void volume of the column and contains the albumin added after incubation; peak II corresponds to the position of proinsulin, and peak III to the position of insulin. When the material in peak II was treated with trypsin ( Fig. 5B) , it migrated to the i position of peak III, eluting with the unlabeled insulin added as a carrier. Upon incubation with guinea pig anti-insulin serum, the materials of peak II and of peak III were bound by the antibody and, accordingly, they migrated toward the anode in the electrophoretic field. The incorporation of labeled leucine into peaks I1 and III increased significantly when the glucose concentration in the incubation medium was increased (Fig. 5D ). The total leucine radioactivity incorporated into proinsulin and insulin by 10 islets of 45-day-old rats in three different experiments was 6,347, 4,897, and 3,103 cpm. Figure 6 shows that its distribution between the two fractions varied depending upon the age of the animal. Thus, the islets of 21-and 22-day-old fetal rats incorporated significant amounts of leucine into proinsulin and insulin (Fig.  6A) , whereas, immediately after birth, the synthesis of concentration of glucose in the incubation medium was increased from 100 t o 300 mg/100 or when the incubation period was extended to 4 hr (Figs. 7 and 8 ) . The very small synthesis of insulin relative to proinsulin by islets of newborn rats can be seen again in Figure 8B .
Histologic Studies. Our results were similar to those reported by other authors (30, 41) and indicate that the proportion endocrine to exocrine pancreatic tissue was greater in fetal and newborn rats and decreased significantly and progressively in older animals (Fig. 9) . These studies help document the observation that the pancreas of a neonatal and of a nursing rat yielded more islets than that of a 30-or 45-day-ld animal. Fig. 3 . Serum glucose, insulin, and free fatty acids after the oral administration of a mixture of 10 amino acids to rats of different ages. proinsulin increased relative to that of insulin, which became negligible (Fig. 6B) . A more balanced distribution of label between the two peaks was noted when islets of older animals were used (Fig. 6C) . The synthesis of proinsulin and of insulin by islets of fetal, nursing, and adult rats was greater when the Glucose concentration, 100 mg/100 ml.
M I n u t e s
DISCUSSION
glucose and IRI levels of the 2lday-old fetuses were higher than those of their dam and responded more slowly t o 1,nsulin has been found in the pancreas of the rat fetus as hyperglycemia, the fetal and maternal glucose tolerance were early as on the 1 l t h day of gestation (59) . However, the full similar. We believe that the relative fasting hyperglycemia of maturation of the hormonal secretory process appears to be the fetus may reflect the progressive increase of circulating delayed until after birth (2) . The results in this paper and glucose concentration which has been noted between the 19th elsewhere (14, 33) indicate that even though the basal serum and 22nd day of gestation and which, in association with other factors, may promote the maturation of the B cell (4, 25) . On the other hand, the similarity of the two glucose tolerance curves may be due to the permeability of the placenta to glucose and to its impermeability to insulin (34) , which would allow the relatively large maternal glucose load to overpower any potential effect of the fetal insulin response. The decrease in maternal serum FFA concentration after glucose ingestion most likely is the result of the well known actions of glucose and insulin, whereas the high fetal metabolic rate, the relative impermeability of the placenta to fatty acids (67), and the absence of white adipose tissue (38) may be additional reasons for the low serum FFA values found in the fetus.
Immediately after birth, the situation undergoes a significant change destined to last about 3 weeks and characterized by a marked glucose intolerance and by an increase of serum lipids. During this period, the islets release relatively little insulin and, as noted also by other workers, the fasting serum IRI level is low (2, 13, 14, 26, 30) and so is the insulinogenic response (49,5 5,64) .
These phenomena appear to be reflections of a change in the synthetic activity of the B cell, as indicated by the fact that, although the islets of fetal rats synthesized proinsulin and insulin actively, in the islets of 1-day-old pups, a relatively large leucine incorporation into the proinsulin molecule was accompanied by negligible insulin synthesis. This neonatal f:ig. 9. Ka: pancreas. a: 21-day-old fetus; 0: 5-day-old rat; c: 45-day-old rat. Phloxine-azure-hematoxylin (54 (5), although this author found that the synthesis of proinsulin was also diminished. In older animals the conversion of proinsulin to insulin resumed and so did the ability of the B cell to release the hormone. However, the maturation of the mechanism for insulin release was slower than that for insulin synthesis, so that the total assayable insulin content of the islets was greater at the age of 5 and 10 days than at the age of 30 and 45 days. Thus, our results suggest that insular function and the ability t o dispose of a glucose load do not reach full maturity until after the 3rd week of life. Among the possible factors contributing to these perinatal changes are the maturation of the adenyl cyclase system and the stress of birth (14, 32) . These two factors, in turn, may be related to the activity of the autonomic nervous structures surrounding the fetal rat islets, (57) or to the release catecholamines (14, 33) and. in this manner. may modulate insulin and glucagon --secretion and stimulate glycogenolysis and lipolysis (4, 11, 12) . Thus, the perinatal maturation of the insulin secretory system may be related t o nutritional factors, for, just as the development of the fetal insulin secretory system is accelerated by the availability of glucose, so the carbohydrate intolerance of the young pup may be the result of the hyperlipidemia and hyperketonemia that follow the sudden change from fetal nutrition, based almost exclusively on maternal glucose (14) to the relatively high fat, low carbohydrate milk diet (1, 14, 22) . Indeed, in the adult (9, 10, 52, 68) . as well as in the weaning (7, 8, 13, 14, 17, 31, 46, 56, 71, 72) rat, a high fat diet increases serum lipids and decreases glucose tolerance, hepatic glucokinase activity, insulin secretion, and insulin sensitivity, whereas hyperlipemia and relative insulin resistance are characteristic of conditions as different as pregnancy, fasting, diabetes, and obesity (29, 43, 62) . Thus, the availability of lipids in the newborn rat in which gluconeogenesis is the major source of glucose, may have a glucose-and, hence, a protein-sparing effect. The manner in which these metabolic changes occur has not been defined. It may involve inhibition of glycolysis by fatty acids (60) or a decrease in the number of insulin receptors (47) . As the rat pups grow t o maturity, are weaned, and return to a high carbohydrate diet, their tolerance for glucose gradually improves. This is the time when glucokinase, an enzyme that is inducible by insulin (61), appears in their liver (69, 70) .
Amino acids are transported across the placenta against a concentration gradient (67) and can reach high levels in the fetus (19) . Thus, the failure of an amino acid mixture, given to the dam, t o cause a significant insulinogenic response in her 21-dayald fetus, cannot be attributed to inadequate stimulation. Rather, the phenomenon, consistent with observations made in cultures of fetal pancreas (48) and in premature human infants ( 3 9 , may indicate that the pancreatic B cells do not recognize amino acids. These would have to be converted to glucose, but in the rat, gluconeogenesis does not start until the suckling age (58) . Finally, inasmuch as we administered glucose and amino acids orally, the secretion of intestinal hormones could have played a role in determining the insulinogenic response. Little is known about the ontogeny of these hormones, except that the first ingestion of food increases significantly the concentration of enteroglucagon in the serum of the neonate (1 5,65) .
The relatively high rate of biosynthesis, accompanied by a relatively low pancreatic insulin content and by relatively high levels of circulating hormone, characteristic of the rat fetus, are consistent with the observations of other workers (5, 13, 63) and suggest that the insulin turnover is faster in the fetus than in the suckling animal. On the other hand, if one calculates the ratio of the amount of insulin secreted by pancreatic islets isolated from animals of different ages and incubated in buffer containing glucose at concentrations of 30 and 300 mgjlOO ml, one observes (Table 1 ) a rather symmetrical developmental pattern which indicates that relatively more insulin is secreted at low glucose concentration at an age when glucose tolerance is impaired. We do not know a mechanism that would explain this phenonenon, but we wish to point out that a similar discrepancy exists between the concentration of glucose and the fetal secretion of glucagon (15, 23, 5 1) and of growth hormone (20) . This analysis of our results leads us to conclude that, in the rat, the process of insulin biosynthesis appears to develop before that of insulin release and that insular function and the ability t o dispose of a glucose load do not reach full maturity until after the 3rd week of extrauterine life.
SUMMARY
We have studied the secretion of insulin by rat fetus in utero and by neonatal and young pups up to the age of 45 days. Using oral loads of glucose or amino acids, given either t o the pregnant dam or to the young rats, we demonstrated that up to 10 days after birth, the insulinogenic response of the animals was delayed and their tolerance for glucose was depressed, in comparison with responses of older animals. In other experiments pancreatic islets were isolated by collagenase digestion and incubated in buffer containing glucose at 30 or 300 mg/100 ml. Although the islets of nursing animals contained the largest amount of insulin and responded well t o glucose stimulation in vitro, the largest amount of insulin was released by islets of 30-and 45-day-old rats. Islets of fetal, nursing, and adult rats incorporated 3~-labeled leucine into proinsulin and insulin, especially when the concentration of glucose in the buffer was high. The conversion of proinsulin to insulin was minimal in the 1-day-old rat and increased with the age of the animal. Although the mechanism for the synthesis of insulin appears to be effective before birth, the mechanism for its release does not reach full maturity until after the 3rd Glucose concentration 300 mg/lOO ml.
week of extrauterine life. This relatively slow development helps provide a hormonal environment conducive t o gluconeogenesis and t o glucose economy at an age when the only source of exogenous carbohydrate is milk. Full maturation of the insulin secretory machanism and a glucose tolerance similar t o that of the adult rat was reached only after weaning when the animals were switched from a high fat, high protein mlik diet, t o a high carbohydrate commercial rat food.
